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METHOD FOR DRIVING AN ULTRASONIC 
HANDPIECE WITH A CLASS D AMPLIFIER 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of ophthalmic surgery and, more particularly, to a system 
and method for controlling different types of motion of a 
cutting tip of an ultrasonic handpiece using a class D 
ampli?er. 

BACKGROUND 

[0002] The human eye functions to provide vision by 
transmitting light through a clear outer portion called the 
cornea, and focusing the image by way of a lens onto a 
retina. The quality of the focused image depends on many 
factors including the siZe and shape of the eye, and the 
transparency of the cornea and lens. When age or disease 
causes the lens to become less transparent, vision deterio 
rates because of the diminished light that can be transmitted 
to the retina. This de?ciency is medically known as a 
cataract. An accepted treatment for cataracts is to surgically 
remove the cataract and replace the lens with an arti?cial 
intraocular lens (IOL). In the United States, most cataractous 
lenses are removed using a surgical technique called pha 
coemulsi?cation. During this procedure, a thin cutting tip or 
needle is inserted into the diseased lens and vibrated ultra 
sonically. The vibrating cutting tip lique?es or emulsi?es the 
lens, which is aspirated out of the eye. The diseased lens, 
once removed, is replaced by an IOL. 

[0003] A typical ultrasonic surgical device suitable for an 
ophthalmic procedure includes an ultrasonically driven 
handpiece, an attached cutting tip, an irrigating sleeve or 
other suitable irrigation device, and an electronic control 
console. The handpiece assembly is attached to the control 
console by an electric cable or connector and ?exible 
tubings. A surgeon controls the amount of ultrasonic energy 
that is delivered to the cutting tip and applied to tissue by 
pressing a foot pedal. Tubings supply irrigation ?uid to and 
draw aspiration ?uid from the eye through the handpiece 
assembly. 
[0004] The operative part of the handpiece is a centrally 
located, hollow resonating bar or horn that is attached to 
pieZoelectric crystals. The crystals are controlled by the 
console and supply ultrasonic vibrations that drive both the 
horn and the attached cutting tip during phacoemulsi?cation. 
The crystal/hom assembly is suspended within the hollow 
body or shell of the handpiece by ?exible mountings. The 
handpiece body terminates in a reduced diameter portion or 
nosecone at the body’s distal end. The nosecone is externally 
threaded to accept the irrigation sleeve. Likewise, the horn 
bore is internally threaded at its distal end to receive the 
external threads of the cutting tip. The irrigation sleeve also 
has an internally threaded bore that is screwed onto the 
external threads of the nosecone. The cutting tip is adjusted 
so that the tip projects only a predetermined amount past the 
open end of the irrigating sleeve. 

[0005] A reduced pressure or vacuum source in the con 
sole draws or aspirates emulsi?ed tissue from the eye 
through the open end of the cutting tip, horn bores and the 
aspiration line, and into a collection device. Aspiration of 
emulsi?ed tissue is aided by a saline solution or other 
irrigant that is injected into the surgical site through the 

Oct. 25, 2007 

small annular gap between the inside surface of the irrigat 
ing sleeve and the cutting tip. 

[0006] Is One known technique is to make the incision 
into the anterior chamber of the eye as small as possible in 
order to reduce the risk of induced astigmatism. The ends of 
the cutting tip and the irrigating sleeve are inserted into a 
small incision in the cornea, sclera, or other location. These 
small incisions result in very tight wounds that squeeze the 
irrigating sleeve tightly against the vibrating tip. Friction 
between the irrigating sleeve and the vibrating tip generates 
heat. The risk of the tip overheating and burning tissue is 
reduced by the cooling effect of aspirated ?uid ?owing 
inside the tip. One known cutting tip is ultrasonically 
vibrated along its longitudinal axis within the irrigating 
sleeve by the crystal-driven horn, thereby emulsifying the 
selected tissue in situ. Other known cutting tips use pieZo 
electric elements that can produce a combination of longi 
tudinal and torsional motion. However, known devices and 
associated longitudinal and/or torsional motion of a cutting 
tip can be improved. 

[0007] Referring to FIG. 1, for example, known cutting 
tips are typically driven by switching ampli?ers, which 
switch between different signals and different corresponding 
types of motion. FIG. 1 generally illustrates a known system 
10 that uses a switching ampli?er 11, to alternately drive the 
cutting tip at different frequencies or with different types of 
motion at different times. The switching ampli?er 11 
receives a ?rst input 12 and a second input 13. Given the 
design of a typical switching ampli?er 11, both of the inputs 
12 and 13 are typically square waves, which provide the 
necessary digital high and digital low signals to drive 
transistors in the switching ampli?er 11. The switching 
ampli?er 11 generates an output 14 that corresponds to 
either the ?rst input 12 or the second input 13, as indicated 
by “1 OR 2” in FIG. 1. In other words, the cutting tip of the 
handpiece 15 is either moved longitudinally or torsionally 
but not both longitudinally and torsionally simultaneously, 
as shown in FIG. 2. These switching systems are generally 
referred to as “single-mode” systems since the cutting tip 
moves with one type of motion at a given to time. 

[0008] Known single-mode systems are not desirable for a 
number of reasons. First, they are not able to treat patients 
with different types of cutting tip motion simultaneously, 
which is generally referred to as “multi-mode” operation. 
Multi-mode treatments are desirable because, for example, 
torsional motion can achieve similar cutting results while 
generating less heat due to torsional motion being at lower 
frequencies than longitudinal motion. Further, known 
switching ampli?ers are typically very ine?icient and may 
have e?iciency ratings of only 50% or lower. Known switch 
ing ampli?ers can also generate substantial heat, which 
requires that handpieces and components thereof be 
designed in a particular manner to dissipate the heat, thus 
limiting handpiece designs. Known switching systems also 
consume substantial power, which is even more problematic 
at higher frequencies since components, such as capacitors, 
draw more current (and dissipate more heat) at higher 
frequencies. Known switching systems also include compo 
nents that are relatively large in siZe, thus limiting designs 
and making the handpiece less user friendly. 

[0009] Other systems provide for a combination of longi 
tudinal and torsional movement, but they can also be 














